MID-NINETEENTH CENTURY CRETACEOUS STUDIES
IN
BACKGROUND TO THE BRITISH AND CANADIAN EXPEDITIONS
Mid-nineteenth century geological exploration of the Western Interior Plains of North America, and particularly of the widespread, underlying Cretaceous rocks, has had a profound influence on developing notions of the geological evolution of the region. Fielding Bradford Meek and Ferdinand \&ndiveer Hayden, a famous team of geological observers, said as much more than a century ago when they reviewed the contributions made by their predecessors tc knowledge of the Nebraska Territory and adjacent terrain: 'justice to former explorers-'' requires that we should at least give a brief statement of the results of such expeditions as have contributed to the development of the geology of this region.'1 When the scope and significance of the older contributions are considered, particularly those by Meek and Hayden/tijemselves, their statement is even more valid today,^/fiert only in the interest of according a just measure of credit to previous investigators but also of providing the necessary information for a true understanding of the classification and correlation of the Cretaceous rocks of the Interior Plains.
An analysis of early work thus serves both history and science.
Meek and Hayden thought that the oldest record of Cretaceous rocks dated to the Lewis and Clark Expedition of 1804-06, when these noted explorers 'established the fact of the occurrence of Cretaceous rocks at the Great Bend of the Missouri below Fort Pierre,'-^ which leaves the impression that the occurrence of Cretaceous rocks in the Western Interior has been firmly established for about 175 years. Such an impression is misleading, however. As Waage 5 correctly pointed out, the publication in 1834 of Samuel George Morton's 'Synopsis of the organic remains of the Cretaceous Group of the United States,' is the first time the term Cn.ztac.zaui was used in print in North America. Morton established the presence of rocks of that age beyond question in the Western Interior.
In the northern part of the Interior Plains, Sir John Richardson, a member of the first Franklin expedition to the Arctic Ocean, may have suspected the presence of Cretaceous rocks in what is now Saskatchewan when he travelled to Fort Carlton in the spring of 1820. At the top of the generalized geological section given in his GzognoAticaZ 0bAe.1va.ti.onA- ' Richardson mentioned f green sand,' and, being prone to identifying the rocks and minerals he encountered in terms of their known occurrences in his native land, may have considered this 'green sand* a likely correlative of one or other of the formations today designated the Lower or Upper Greensand in Britain. He did not, however, use the term Csizta.ce.ou6 at that time.
As early as 1839, Joseph Nicolas Nicollet, an eminent geoggrapher trained in France, collected Cretaceous fossils for the US Corps of Topographical Engineers from localities in what is now North Dakota, where he travelled as far north as Devil's Lake. He ascended the Missouri River to Fort Pierre and collected Cretaceous fossils at the Great Bend, these fossils subsequently being investigated and reported on by Morton in 1841. Further collections from the Great Bend were made in 1849 by John Evans. He was an assistant to David Dale Owen, who was then engaged in a geological survey of Wisconsin, Iowa and Minnesota, but whose party ranged well beyond the limits of these states as they are today. James Hall, the autocratic New York State paleontologist destined to become a leading, if controversial, figure in American geology and palaeontology, likely became familiar with the work of Evans as soon as it was published, particularly that on the White River Mauvaises Terres or badlands in present-day South Dakota. Similarly, Hall probably knew of Joseph Leidy's description of fossil vertebrates from the same localities. Being himself concerned with the preparation of a map of the trans-Mississippi West, Hall employed Meek and Hayden as his assistants and sent them by way of St. Louis to the Western Interior to collect fossils. Although his excursion of 1853 was Meek's only one to the Upper Missouri country, it was the first of many for Hayden.^ Among other accomplishments, Meek and Hayden obtained 'Cretaceous fossils from Sage Creek, as well as from Great Bend and other localities along the Missouri below Fort Pierre'8 in what is now South Dakota and Nebraska. Evans too collected more Cretaceous fossils in that busy year of 1853.
When the railroad era came to the Interior Plains of North America, a systematic appraisal of resources had to be made. Large-scale geological mapping began in 1853, when Isaac Stevens, Governor of Washington Territory, explored the country from Lake Superior to the Pacific Ocean between the 47th and 49th parallels. Across the 49th parallel, which by then had been designated as the boundary between the United States of America and British North America but had not been surveyed, Stevens made three side journeys -to Roche Percée, to the Cypress Hills and to an area just north of Chief Mountain -all three of which now lie within southern Saskatchewan and southern Alberta.
The Stevens Expedition was followed by other surveys in search of suitable routes for the Pacific Railroad. Some of these involved further field studies by Hayden and fossil determinations by Meek, which together with their other investigations led to a stratigraphical classification of the Cretaceous rocks in the Nebraska Territory. That classification became a standard with publication in preliminary form by Meek and Hayden and by Hall and Meek in 1856;10 it remained a standard for many years through amplifications and revisions by Meek and Hayden, which began in 1856H and continued through 1861. The exploratory expeditions into western British North America appear to have made greatest use of Hayden's (1857) revision.1* The importance of the stratigraphical classification of the Cretaceous System, both to Meek and Hayden and to their successors who sought to build upon and to refine it, cannot be overemphasized. Even the modest and unassuming Meek, the workshop and museum-based counterpart to the field-based Hayden in the fruitful ante-bellum partnership, was perspicacious enough to see this. 
-^ (Our italics)
Whereas it has been recognized that Meek became disillusioned with the voracious Hall, his tyrannical mentor for almost exactly five years (Meek ultimately ''escaping' 1 from Albany to the Smithsonian Institution, Washington, in 1858), it was long assumed by many that the initial superpositional sequence of Cretaceous rocks should be credited to Hall, Meek and Hayden^5 almost implied as much. Recently, however, Nelson and Fryxelll 6 have shown that the Meek and Hayden classification, described by them, was available in pre-print form in 18 56 between four and thirty-nine days prior to publication of essentially the same information by Hall and Meek. Geological knowledge was also summarized on maps in the 1850s, the one by Henry Darwin Rogers (1855)17 deserving of particular mention because it extended Cretaceous rocks from North Dakota into adjacent British North America and because it is known to have been a source of information to geologists exploring the northern part of the Western Interior.
North of the 49th parallel, response to the industrial challenge of railroad building lagged some years behind that in the United States. The response also took a different form in that two governments, the British and Canadian, sent scientific exploratory expeditions to the west between 1857 and 1860 and in that, compared to the American efforts, both were only modestly funded and-siraTfed. The British undertaking was the well-known B-a"ïliser Expedition of 1857 to 1860, the Canadian the less w^U^knovai--.Ssd--^lver Thus the Royal Society in addition to the Royal Geographical Society became involved and, when the expedition was over, the British Treasury with great reluctance took care of the £13,000 total cost. In United States currency of the time, this came to about $25,000. Originally the Royal Geographical Society had wanted to ... emulate the American Pacific Railroad Surveys of 1853-55. The appropriation for these surveys, which were carried out by the Corps of Topographical Engineers, was $150,000, divided into $40,000 for each of three of the exploring groups and $30,000 for the fourth, while a further sum of $500,000 was spent on assembling printing the twelve massive volumes of the VoLQ.i.{l(L Railroad RzpoKt*. One hundred and six scientifically-trained men, assisted by a small army of "chain-bearers," "rodmen" and part-time soldier-naturalists, took part in this mammoth reconnaissance south of the border.23
Palliser was accompanied by only four others who were trained to some extent in science, mathematics or engineering. This band was assisted by a few Indian or Métis guides, hunters and horse wranglers.
James Hector (1834 Hector ( -1907 Hector crossed the entire Canadian plains in the years 1857-59, ranging more widely than Henry Hind, the geologist with the largely contemporaneous Canadian expeditions. Hector thus was able to extend his classification of the Cretaceous System to embrace more of the rocks geographically and stratigraphically.
All of Hector's geological excursions were on horseback, a significant difference in mode of transport from the canoe Hind relied on for many of his explorations. No matter what the mode of conveyance used for geological fieldwork, however, then, as today, each had constraints on its use and offered its own special problems. Not least of Hector's problems was Palliser's particularly British attitude to animals. Palliser did not consider horses to be expendable, for example, which, while a humanitarian stand, was not one attuned to the practicalities of a prairie expedition in the middle of the nineteenth century.
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The printed record of the Palliser Expedition comprised a bewildering variety of publications, many of which were substantially repetitious. The official account of the expedition's findings was in four Parliamentary Papers, 2 8 compiled from letters and other materials forwarded from the field and from information supplied by members of the expedition upon their return.
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But publication of these official documents was preceded by reports on the progress of the expedition in scientific periodicals, particularly the Proceedings and the Journal o£ the Royal Geographical Society, the organization that had been the original sponsor of the expedition. Of these preliminary reports, the one that bore most strongly on Cretaceous studies in the Western Interior was a progress report by Palliser, 30 Hind (1823 Hind ( -1908 went on a railway survey through what is now northwestern Ontario with Sandford Fleming, the engineer who later was to be in charge of surveying the route for the Canadian Pacific Railway. This experience and subsequent writings on 'The Future of Western Canada,' 'Our Railway Policy,' and 'The Great North-West' made Hind known as one who urged Canadians to move west into territory many feared would become occupied by Americans. In Toronto at that time, there existed a small but influential group of Canadian expansionists led by the editor of Thz Globe., George Brown. Brown's group successfully lobbied the Legislative Assembly of Canada, then sitting in Toronto, to dispatch an exploring expedition to the interior west of Lake Superior. Subsequently, Hind was designated the expedition's 'geologist and naturalist.' This first Canadian expedition to the southern part of Rupert's Land -the Red River Exploring Expedition -was under the general direction of George Gladman, a former employee of the Hudson's Bay Company. He failed to provide the required leadership, however, and Hind, with characteristic ambition and forcefulness, essentially usurped Gladman's position and wrote the report covering the entire 1857 survey. Moreover, by his performance, Hind established himself, together with Simon James Dawson, as a leader of the second expeditionthe Assiniboine and Saskatchewan Exploring Expedition -in 1858.
Besides Gladman, and Hind with his assistant, the 1857 expedition comprised two civil engineers who acted as surveyors: W.H. Napier, CE with an assistant, a rodman and two chainmen, and Simon J. Dawson, CE with two assistants and two chainmen. It was not a large party of professionals compared to the American surveys and was even smaller by one than the fiveman scientific group the British government so reluctantly supported.
Hind was born in Nottingham, England, and educated there and in Germany and France before sailing to Canada when twentythree years old. He never earned a university degree and did little, if any, formal work in geology or the other sciences in Europe. Nevertheless, in later life he described himself as 'by profession a geologist,' which was not a pretentious claim because through extensive reading and private study and through prolonged fieldwork he acquired a sound and substantial theoretical and practical knowledge of geology which equalled or surpassed that of those geologists receiving their training in universities. In 1856, the largely self-taught Hind began to lecture in geology, in addition to chemistry, at the University of Trinity College, Toronto, where he was Professor of Science.
33
In recognition of his accomplishments, he was awarded an honorary MA degree by the university in 185 3. He received an honorary DCL from King's College, Windsor, Nova Scotia, later in his life (18 90). He was also elected a Fellow of the Royal Geographical Society.
A memorandum from Sir William Logan, Director of the Geological Survey of Canada, transmitted to Hind instructions for the survey he was to undertake in 1857. Like Hector, Hind probably was also aware of existing maps showing the geology of neighbouring regions. As his writings show, he certainly was thoroughly familiar with the studies Meek and Hayden had made of the Cretaceous rocks in the Nebraska Territory. He may have believed, indeed, that their work deserved wider distribution because he reprinted substantial parts of it in his own report, but more likely Hind found such reprinting a convenient means of embellishing his own account. The latter interpretation would be in line with the statement 'that Hind, if not a plagiarist, was reckless in his use of others' work,'34 although in fairness it must be said that Hind did give proper acknowledgement to Meek and Hayden individually and as partners for the passages he took from their publications.
Hind never travelled farther west across the prairies than The Elbow of the South Saskatchewan River, and therefore he never saw the Cretaceous rocks of the Rocky Mountain Foothills as Hector did. But Hind examined the banks of the South Saskatchewan River, a short stretch of the North Saskatchewan River and most of the Saskatchewan River much more closely than his British counterpart. He saw sections of Cretaceous rocks underlying the widespread blanket of glacial drift because he travelled by canoe, that typically Canadian conveyance so suitable to the many rivers and lakes of the Precambrian Shield but used also on the few, large, entrenched waterways of the prairies. The canoe, however, had its drawbacks. To haul it on a Red River cart was cumbersome and, once in the water, there was no choice but to follow the river's linear course downstream. The freedom to roam was distinctly Hector's, although there was not much to see but glacial deposits, grasslands and herds of buffalo.
Although slightly less confusing than the published record of the Palliser Expedition, that of the Canadian expeditions of 1857 and 1858 was also substantial. It consisted of two official reports, printed by order of the Legislative Assembly in 1858 and 1859, and a well-illustrated, popular and successful narrative which combined the more important aspects of the two reports.
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The 1857 journey went little beyond the Red River Settlement (present-day Winnipeg), and understandably, therefore, the report on it contained little information bearing on the occurrence of the Cretaceous System. The exploits of the Assiniboine and Saskatchewan Exploring Expedition also were recorded in part in photographs, an innovation for the time. Principally at the insistence of Hind, a photographer named Humphry Lloyd Hime was attached to the party.
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Only forty-seven photographs are still extant. Most of these are of the Red River Settlement and surrounding country. A few show the Qu'Appelle River valley, but none reveal any Cretaceous outcrops. A number of Hime's photographs were lost at the conclusion of the expedition and before Hind published his report.
HECTOR'S CONTRIBUTION: FALTERING STEPS TOWARD LOCAL AND REGIONAL CLASSIFICATION
Hector studied Cretaceous strata in three widely-disparate areas: 1) Long River and vicinity in present-day southwestern Manitoba; 2) The Elbow of the South Saskatchewan River and the Cypress Hills in present-day southwestern Saskatchewan; and 3) the central and western part of present-day southern Alberta.
Hector provided a record of his geological observations in southwestern Manitoba. It is an important record because it includes the first name (Long River shale) given to a Cretaceous stratigraphical unit in the Western Interior of Canada. ! The name, however, was applied by Hector only casually; it was not adopted by any subsequent investigators and now, effectively, has been abandoned. The Odanah is unique within the Pierre Shale sequence, and the name is now used also in adjoining parts of the United States.
Tyrrell unquestionably was correct to identify the siliceous claystones as a distinct stratigraphical unit, even though in general he considered the Cretaceous rocks of Manitoba to fit 'very well into the groups that were first marked out by Messrs. Meek and Hayden' 44 The influence of Meek and Hayden's methods and writings on Hector was evident in the way he established his successions of lithologically distinct units. Hector gave these units letter designations, with A applied to the youngest and some subsequent letter to the oldest; a modern geologist would reverse the order in an exposed section. He equated the units believed to belong to the Cretaceous System to one or more of the five numbered formations in the Nebraska reference section and relied on ammonites, and in particular on 8. compKe.66LU, for his long-range correlation.
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Until quite recently, the name 8. compSLe.66u6 was used for more than half-a-dozen successive species of slender, straight ammonites which occur in the upper Pierre Shale. It is likely that Hector recovered his specimen from the Odanah Member or from the shales occupying a limited interval below this member. It is surprising that Hector should use 8. compJie.6Au4> to make a correlation with Formation no. 3 on the upper Missouri River, for by 1857 Meek and Hayden had established that 8. compJLe,66u6 was a recurrent fossil in Formation no. 4 and implied that it might serve as a guide to that formation.
At the end of September 1857, Hector reached The Elbow of the South Saskatchewan River, carefully studied the exposed silty clays and listed many of their lithological characteristicscolour, nature of the weathered surface, presence of selenite crystals, masses of fibrous calcite, and septaria -which now identify these clays as the Snakebite Member of the Bearpaw Formation. Using the details recorded by Hector, and those provided by subsequent investigators on the lithological sequence within the Snakebite Member, it is apparent that Hector examined the beds between 15 and 45 m above the base. 47 Hector collected many of the fossils that the septaria and other concretions contain, including the ammonite BaculltzA and numerous bivalves, among them lnocz.tLa.mu6. These he took to England, where they were identified by a palaeontologist of the Geological Survey. The modern Institute of Geological Sciences (successor to the Geological Survey) unfortunately has no knowledge of the whereabouts of the collection today. However, Hector's description of the host beds was sufficiently detailed to conclude that the stratigraphically most useful of the fossils, the baculites, would have been referred in his day to Bacu.ZÂ.te.6 <LompKZ6t>iu> but today to
tizaAlddl
Elias.
To Hector must go the credit for making the first correlation of what is now the Bearpaw Formation of Saskatchewan. He placed the clays exposed at The Elbow in Group C of his fivefold division of the Cretaceous System, and to this group he also ascribed beds cropping out on the flanks of the Cypress Hills. Hector appreciated that the distinctive beds with numerous concretions, nodules of fibrous calcite with conein-cone structure, and partings of altered volcanic ash (bentonite) formed a lithozone that could be identified in both the South Saskatchewan River valley and the Cypress Hills. Furnival, 48 Lines 4^ and Caldwell^O later recorded the presence of this lithozone at many localities in addition to The Elbow. As he had done for outcrops in Manitoba, Hector also attempted longer-range correlation of the exposures in Saskatchewan with those described by Meek and Hayden from the Nebraska Territory.
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After having seen more Cretaceous rocks in what is now Alberta in 1858 and 1859, Hector prepared a geological map (Fig. 1 ) on which he recognized three divisions of the Cretaceous System in the prairies: d, upper; e, middle; j{, lower with lignite; and, in addition, and older g, 'Disturbed Cretaceous Strata of the Rocky Mountains.'52 i n modern terminology, FIGURE 1 Figure 1 ; Hector's geological map of 1861, redrawn and modified. The numbers have been added to indicate geographical names mentioned in the text. 1 -Winnipeg (Red River Settlement) . 2 -Long River, Little Souris, and Two Creeks. 3 -Assiniboine River. 4 -Roche Percée. 5 -Qu'Appelle River. 6 -South Saskatchewan River (South Branch). 7 -The Elbow. 8 -Outlook. 9 -North Saskatchewan River. 10 -Cole Rapids (Coal Falls). 11 -Saskatchewan River. 12 -Cumberland House. 13 -Cabri. 14 -Cypress Hills. 15 -Chief Mountain. Hind's most important contribution to the Cretaceous stratigraphy of the Interior Plains, however, stemmed from his work in the South Saskatchewan River valley. His collections from The Elbow and other parts of the valley included some of the bivalves and cephalopods listed in Table 1 . From this assemblage, and knowing that Hind proceeded downstream from The Elbow to beyond the present-day settlement of Outlook, it seems likely that he collected from clays of the Snakebite Member at The Elbow and from sandstones of the Ardkenneth Member exposed on the east bank of the river just over 2 km north of The Elbow. Hind also was more successful than Hector in placing The Elbow beds in a regional stratigraphi- Exposures of what is today described as the Outlook Sand Member of the Bearpaw Formation in the South Saskatchewan River valley south of the modern Outlook road and rail bridges were first investigated by Hind. 58 Hind's detailed description and graphical illustration of the section, annotated and amended respectively to meet modern standards for the description of a type section, have been presented elsewhere. 59 His section is shown in Figure 2 .
Nowhere in the tract of the valley in which the Outlook Sand crops out can such an extensive section as that described by Hind be found today. Hind's section, therefore, may have been composite, but it is based on the exposures in the west bank of the river at the Outlook road and rail bridges. The section must have been measured at extremely low water but, under comparable conditions today, the lowest two divisions of his sequence would not be visible. Vast quantities of sediment are being shifted by the constantly-changing current pattern of the river, and the sediment now present beneath the cliffed exposures at the road bridge may have accumulated in the more than one hundred years since Hind examined the same outcrops. Today, the base of the exposed section falls about the boundary between Hind's divisions £ and g, and the section is between 9 and 12 m thick. Little Souris R.
Little Souris R.
Little Souris R. The only question in regard to your specimen is, whether it may not have been carried by the Blackfeed Indians from some of the Upper Missouri localities. This tribe you know ranges from the head waters of the Missouri far north-west into the Hudson's Bay Territories; and in common with other Indians they are in the habit of carrying with them shells or any other bright object that may attract their attention or excite their curiosity. The matrix of the specimen you have sent is exactly like that in which most of our Nebraska fossils are enveloped, in formation No. 4, as you will see by the specimen of Inoce^amiu 6age,n&<L& we send you. The shell itself is also precisely in the same state of preservation. Still it is quite probable that rocks belonging to the [cHretaceous [S^lystem may occur in the region where the Indian says he obtained this specimen, which conclusion the other specimens from near Fort Garry seem to favor. If so, kmrnonlto,* pla.ce.ntcL is one of the very species we would expect to find there, since it is known to have a great geographical range.63
Nowhere in the expedition records was it stated directly 'where the Indian [saidD he obtained this specimen,' and although the above speculation by Meek and Hayden was intriguing, it shed no further light on where the ammonite was found. Billings 
AN APPRAISAL
A comparison of early-and mid-nineteenth century studies of Cretaceous stratigraphy in the Western Interior of North America to the south and the north of the 49th parallel shows that such studies in British North America relied heavily on prior, and more detailed, studies conducted to the south, particularly on those by Meek and Hayden in the Nebraska Territory. Both Hector and Hind were followers rather than initiators. Such an evaluation does not reflect adversely on the scientific competence of Hector and Hind but recognizes some geological and historical factors that influenced the work of these men. Among them were the chronology of events leading to the railroad surveys, the manner in which their own studies were conducted, and the accessibility of key exposures of Cretaceous rocks.
Although Alexander Mackenzie was the first to cross North America to reach the Pacific Ocean on 22 July 1793, scientific exploring expeditions of the continent's interior began with the Lewis and Clark Expedition of 1804-06 in the central part of the Interior Plains. It was south of the 49th parallel too that the railroad surveys began. The drive toward opening the west and connecting the Atlantic and Pacific Oceans came earlier in the more populated and prosperous United States than in the Canadas. For the same reasons, the support given to western exploration was greater in the United States where, moreover, it involved military personnel and motives. Both the British and the Canadian expeditions, in contrast, comprised only civilians.
The extensive cover of glacial drift in the northern part of the Interior Plains does not make for easy observation of bedrock stratigraphical sequences. Nevertheless, both Hector and Hind must be lauded for careful evaluation of Cretaceous sections whenever and wherever possible, for recognizing the potential of the outcrop belt in the valley of the South Saskatchewan River, and for attempting the earliest longrange regional correlations of the Cretaceous System in what is now the prairie provinces.
Not only were there notable differences between the surveys north and south of the 49th parallel, the differences between the Palliser Expedition and the Assiniboine and Saskatchewan Exploring Expedition are also worth examining. It should be recalled that two parallel expeditions were fielded, one sponsored by the mother country in grudging admission of an obligation to explore a colonial hinterland, the other sponsored by the colony itself, just then on its way of becoming a nation, in a defiant move to counter events south of the international border.
Although both Hector and Hind were immigrants, their attitudes toward their new country, its society and their chosen science showed some striking dissimilarities. Young, gentle Hector, fresh from a professional university training and with a thorough grounding in natural science, contrasted sharply with the older, brash Hind, the self-made man whose principal aim in life appeared to have been to prove himself to his fellows. To Hector the exploration of what is now western Canada was a phase in a geological career that would reach its height when he became the Director of the Geological Survey of New Zealand, the country in which he finally settled. Hind, on the other hand, stayed in Canada and became a nationalist more fervent than most. 
